Despite changes in tools and practices, the conceptual foundations of performance measurement and management (PMM) are still predominantly rooted in control systems research. While PMM approaches have delivered significant organizational benefits, including creating alignment, supporting monitoring and control, and enabling prediction and optimization of resource allocation, this paper argues that this paradigm is not capable of responding to increasingly complex and highly uncertain organizational environments. Drawing on ideas emerging in the literature on systems engineering and complex systems, we propose a novel perspective that considers PMM from a 'system of systems' (SoS) point of view, whose essential characteristics are autonomy, belonging, connectivity, diversity, and emergence. After identifying the assumptions underpinning existing PMM approaches, we outline a SoS-based paradigm to PMM and conclude by articulating the main implications for the practice of PMM and setting out a research agenda.
Introduction
Since the rise of modern corporations, performance measurement and management (PMM) has been used to help organizations achieve their goals and deliver their mission. PMM systems have been introduced to facilitate the implementation of business strategies (Bititci et al. 2015) , to provide alignment within and between organizations (Danese and Romano 2012; Liang 2015; Maestrini et al. 2017) , to optimize resource allocation and support decision-making (Berrah, Mauris, and Vernadat 2004) , and to improve performance (Franco-Santos, Lucianetti, and Bourne 2012; Neely 2005) . However, despite considerable progress, managing performance effectively continues to be a major organizational challenge (Cappelli and Tavis 2016; Micheli and Mura 2017) .
While PMM theory and practice have developed and evolved significantly over the years, various authors have started to question whether the dominant PMM paradigm, rooted in the control systems literature, is suitable in increasingly volatile and uncertain contexts. PMM is currently regarded as a collection of management processes supported and enacted through the use of tools and techniques such as scorecards, measures, targets, performance reviews and incentives that are developed centrally and cascaded throughout the organization (Franco-Santos et al. 2007; Malmi and Brown 2008) . This approach to PMM reflects the view of organizations as 'monolithic' systems, which consist of different parts that are interconnected to achieve a particular purpose not attainable by each part on its own (Rechtin 1991 ). This perspective is appropriate when problems can be clearly defined, phenomena can be reduced using parsimonious models and theories, and the prediction of optimal outcomes is the main goal (Maier 1998) .
Current evidence, however, shows that the reality of most organizations is rather different and PMM scholars have highlighted the potential inadequacy of existing approaches. For example, Melnyk et al. (2014) identified instances of misalignment between organizational strategy and PMM systems, and suggested that the relationship between the two should be reframed. Similarly, Bititci et al. (2012) raised 4 several questions about PMM's readiness for an emerging context characterized by disruptive and transformational change. However, despite calls to review and rethink PMM, little has been done to offer viable paradigms that either complement or replace the existing one. This paper suggests that novel and practically relevant PMM research can be developed by employing a 'system of systems' (SoS) perspective (Ackoff 1971) , which has been debated in recent systems engineering and complex systems literature (Sauser, Boardman, and Verma 2010) . A SoS has been defined as "a metasystem, comprised of multiple embedded and interrelated autonomous complex subsystems that can be diverse in technology, context, operation, geography, and conceptual frame. These complex subsystems must function as an integrated metasystem to produce desirable results in performance to achieve a higher-level mission subject to constraints" (Keating, Padilla, and Adams 2008, 24) . The adoption of a SoS approach in PMM could offer a suitable alternative to the challenges posed by the dominant paradigm, particularly in complex and uncertain environments. For example, a SoS approach explicitly favours learning and adaptation, rather than control and alignment, which are critical capabilities for operating in high uncertainty contexts (Otley and Soin 2015) . Similarly, its main aim is neither prediction nor optimization (Otley and Berry 1980; Malmi and Brown 2008) , but rather 'navigation' (i.e., to enhance understanding and learning about the problem at hand, so that progress towards the intended goals is achieved) (DeLaurentis and Callaway 2004) .
To discuss the distinctiveness and proposed advantages of a SoS perspective in PMM, this paper starts by reviewing the current dominant paradigm in PMM, founded in the control systems literature.
Subsequently, the literature on systems of systems is examined and an alternative conceptualization of PMM is proposed. The paper concludes by providing several examples of using PMM according to the SoS paradigm, articulating a research agenda to guide the development of further studies in this area, and identifying salient practical implications. Motors (Chandler 1977) . According to Johnson (1981) , these performance measures played a fundamental role in supporting the development of these new organizational processes. In the late 1980s and early 1990s, dissatisfaction with purely accounting-based measures (Johnson and Kaplan 1987) led to the development of a series of multi-dimensional PMM frameworks (Keegan, Eiler, and Jones 1989; Cross and Lynch 1989; Fitzgerald et al. 1991) . One of the most widely used PMM framework has been the Balanced Scorecard (Kaplan and Norton 1996) due to its capacity to connect strategic objectives with performance measures and action plans (Bourne et al. 2000; Bourne et al. 2002) and to link financial and non-financial indicators (Ittner, Larcker, and Randall 2003) .
These developments in PMM have led to what can be described as the current dominant approach, which is mainly based on a control systems perspective. Indeed, many authors have claimed that PMM systems are important means for monitoring and controlling resources (Franco-Santos, Lucianetti, and Bourne 2012) and are "ultimately responsible for maintaining alignment and coordination" (Melnyk et al. 2014, 213 ) (see also Hanson, Melnyk, and Calantone 2011) . For example, Dossi and Patelli's (2010) study of multinational firms found that PMM systems enabled corporate control of subsidiaries. The importance attributed to PMM in creating strategic alignment has led to a number of studies focused on the design of performance measures and targets which are consistent with strategic objectives (Kaplan and Norton 2008; Hoque 2014; Micheli and Mura 2017) .
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Another fundamental tenet in the current PMM paradigm is that the design of PMM tools should progressively cascade from the corporate level to business units, teams and individuals (Micheli and Neely 2010) . In so doing, PMM is not just a way to ensure alignment, but also to create centralization of decisions over resource allocation and a mechanism for top management to exert influence (Kaplan and Norton 2008) . Consequently, performance reviews should be undertaken in a consistent fashion and pace, so as to feed information back to the corporate centre (Bourne et al. 2000; Martinez, Pavlov, and Bourne 2010) .
The cascading and review processes therefore attempt to ensure that units, teams and individuals respond and contribute to the same corporate objectives and that a sufficient level of accountability is attained (Kolehmainen 2010) . To do so, the same performance measures and targets are often designed and implemented across the organization, and the performance of different units and individuals is often assessed separately and then compared (Cappelli and Tavis 2016) . Such a configuration requires that a 'golden thread' is established across organizational levels and this leads to a tight coupling between units.
In both academic studies and practical implementations, PMM systems have been associated with the optimization of an organization's resource allocation and value chain (Srimai, Wright, and Radford 2013; Yang and Modell 2015) . This has been partly attributed to PMM's task to ascertain the 'truth' about organizational resources and processes (Micheli and Mari 2014) , and partly to its capacity, through tools such as strategy maps and success maps (Kaplan and Norton 2000; Neely, Adams, and Kennerly 2002) , "to be predictive, as [they] aspire to show how decisions made in the present could impact future results" (Buytendijk, Hatch, and Micheli 2010, 338) . In sum, by creating alignment, ensuring that resources are managed appropriately, and enacting feedback loops across the organization, PMM has often been regarded as an important means to improve performance (Neely 2005; Koufteros, Verghese, and Lucianetti 2014) . 
Limitations of the dominant paradigm
While PMM systems have been showed to play a mainly positive role in organizations (Franco-Santos, Lucianetti, and Bourne 2012), concerns are being raised regarding the appropriateness of the current paradigm for increasingly complex, volatile and uncertain environments. For example, Melnyk et al. (2014) have challenged PMM's capacity to provide direction when the environment is so turbulent that it would take too long to preserve consistency between strategy and PMM. Similarly, in complex settings such as public administration, where central and local policies and goals often differ, "it is questionable whether the establishment of a pervasive 'golden thread' would be either feasible or desirable" (Micheli and Neely 2010, 598) . Some scholars have also shown that PMM -understood as a monitoring and control devicecan be detrimental for highly dynamic and fast-moving organizations as it can stifle learning and critical thinking which are of paramount importance for their survival (Neely and Al Najjar 2006) . Furthermore, the idea of PMM as a predictive means that can help organizations anticipate outcomes and prepare for them is often questioned in environments which are constantly changing (Otley and Soin 2015) . Due to these limitations, it can be argued that a new way of seeing and understanding PMM that can be applied to complex and highly uncertain environments is required.
In recent years, systems engineering and complex systems scholars have also been debating novel approaches to dealing with complexity and uncertainty (Gorod et al. 2015) . One of the most promising proposals has been to focus on what is conceptualised as a 'system of systems' perspective (DeLaurentis and Callaway 2004; Keating et al. 2003; Keating, Padilla, and Adams 2008; Boardman and Sauser 2006; Sauser, Boardman, and Verma 2010) . This perspective is based on the idea that complex and uncertain issues cannot be addressed following a unitary, "monolithic" system approach (i.e., a way of thinking that assumes that a central system can be designed to 'solve' the problem). Instead, this perspective implies that these issues require a more holistic approach and assumes that a set of independent systems can be 8 bundled together to produce a multitude of responses that can help decision makers navigate through the complexity and make progress (Boardman and Sauser 2006; Sauser, Boardman, and Verma 2010) . The types of issues the SoS perspective is aiming to address resonate with the ones faced by the dominant PMM paradigm. Because of this similarity, the SoS concept is now explored in greater detail and it is then applied to PMM with the aim of developing an alternative paradigm.
An overview of system of systems research
The concept of SoS emerged in response to the challenges posed by the complexity, ambiguity, and scale of modern problems (Sauser, Boardman, and Verma 2010) . In line with previous research, SoS scholars define a system as "a collection of parts and their relationships assembled together to form a whole with new properties, behaviours, and purposes" (Sauser, Boardman, and Verma 2010, 803) . In certain cases, however, the constituent parts of the system are complex dynamic systems in their own right, making up an overarching structure whose properties are significantly different from those of single systems. This structure -a system of systems -has been defined as "an arrangement of independent and interdependent systems that collectively exhibits unique capabilities" (Baldwin, Boardman, and Sauser 2013, 65) . The multiple systems within a SoS are "disparate, diverse, autonomous and asynchronized entities [that] work together without losing their individual sense of purpose and without loss of idiosyncratic capability, in order to realize some higher-level and otherwise unattainable purpose" (Sauser, Boardman, and Verma 2010, 805) .
For example, NATO uses a SoS approach to describe the way it currently views and operates in the 'theatre of war' (Mahmood 2016) . Historically, engaging in a war was considered as a mechanistic and monolithic task. Countries understood their defence system as unitary and their enemy as 'a constant', whose power could be diminished through the use of information, technology and an appropriate strategy 9 (Mahmood 2016). However, many modern wars -from the ones in Vietnam and Afghanistan to the current 'war on terror' -cannot be framed according to this linear and closed system approach. These are highly complex and emergent conflicts where the enemy is continuously changing and adapting, and wars are no longer 'won' or 'lost'. The potential for conflict is constant; addressing it demands more than just information, technology and an appropriate strategy. It requires multiple independent, but connected systems that go beyond the Army, the Air Force and the Navy to include Governments, NGOs and civilians.
Other examples of SoSs discussed in the literature stretch from other military and intelligence systems (Svendsen 2015) to the Yellow Cab system in New York City (Gorod et al. 2008 ) and air transportation systems (DeLaurentis and Ayyalasomayajula 2009).
In the corporate sector, supply chains are used as examples of SoSs (Tsan-Ming 2016), as they consist of a number of autonomous and interdependent complex systems -in this case companies and business units (Chan 2011) . The success of a supply chain does not result from the aggregation of the individual operations and performance of each company. Success depends on the integrated and adaptive activities as well as the relationships among the companies. In the past, supply chain problems have commonly been addressed through a centralized approach focused on information sharing and contractual and measurable responsibilities (Chanand and Chan 2009; Akyuz et al. 2010) . However, more recent work has questioned this approach in favour of a more open and holistic one that draws on the principles of SoS research (Chan 2011; Tsan-Ming 2016) .
Main characteristics of system of systems
Although the term itself has a long history (Ackoff 1971) , research in SoS gained momentum in the late 1980s, driven by the application of SoS thinking in the U.S. military . The systems engineering and complex systems literature acknowledges the existence of different types of systems (e.g., monolithic, complex adaptive, and SoS) and highlights that each of these types has distinguishing characteristics or 'traits' (Mostafavi et al. 2011; Zhu and Mostafavi 2014  Autonomy refers to the ability of constituent parts or sub-systems within a SoS to set and pursue its own goals, not requiring external control (Baldwin, Boardman, and Sauser 2013) and being managerially and operationally independent (Gorod et al. 2008) . This is necessary because the ability of the overall SoS to attain its purpose depends on the constituent parts maintaining their full functionality and the freedom to learn and adapt (Sauser, Boardman, and Verma 2010) .
 The constituent parts of a SoS are fully functional systems in their own right, which means that they can join different SoSs or indeed operate on their own. The relationship between the constituent parts and the SoS as a whole is thus one of belonging, where individual systems choose freely to associate themselves with a large SoS (Sauser, Boardman, and Verma 2010) . This choice reflects the needs and purposes of both the individual system and the overall SoS (Baldwin, Boardman, and Sauser 2013; Gorod et al. 2008) .
 Connectivity refers to the kind of relationships that exists between the constituent parts of the SoS. As a SoS is a loose structure that evolves as individual autonomous systems choose to belong to it or to leave it, the relationships between these systems cannot be designed in advance (Sauser, Boardman, and Verma 2010) . Rather, these relationships are dynamically formed (Baldwin, Boardman, and Sauser 2013) and the connections between the parts of a SoS can be described as network-centric (Gorod et al. 2008 ) and loosely coupled (Weick 1976; Lo et al. 2014; Glassman 1973) .
 Diversity refers to the heterogeneity of constituent parts within a SoS (Gorod et al. 2008) and is a necessary condition for making the overall SoS resilient. Sauser et al. (2010, 807-8) note that "diversity through a variety of viewpoints, processes, technologies, and functionalities ensures richness, and the SoS must be able to leverage this in an unencumbered fashion".
 Finally, as any complex dynamic system, a SoS is characterized by emergence, which means that the SoS produces properties and functions that cannot be traced back causally to its constituent parts (Baldwin, Boardman, and Sauser 2013) . Such properties and functions are qualitatively novel, and their characteristics cannot be explained solely by the nature of the parts that generated them (Bunge 2014) .
The above characteristics make SoS capable of addressing problems that are outside the scope of more traditional monolithic systems. Furthermore, SoS are assumed to deal with more effectively with 'wicked' rather than 'tame' problems (Rittel and Webber 1973) that require a multiple and integrated complex response (Keating, Padilla, and Adams 2008) . They take into consideration the technical and the social aspects of the phenomena they deal with, and their purpose is to help decision makers navigate under uncertainty and respond to the needs of multiple stakeholders (DeLaurentis and Ayyalasomayajula 2009; DeLaurentis and Callaway 2004) . In other words, SoS thinking enables decision-makers to act when the goal "is not prediction (which remains notoriously difficult to do over the long run), but instead is an understanding that the essence of the problem-the hard-to-grasp insight-likely appears only at this elevated perspective" (DeLaurentis and Callaway 2004, 803) . It is because of this capability that SoS has been used in many research studies that examine ambiguity, complexity, and change (Gorod et al. 2008 ). 
Autonomy
In the dominant paradigm, PMM practices are characterized by alignment and control. Although such a view has traditionally provided a basis for efficient resource allocation, in environments that are characterized by rapid pace of change and high degree of uncertainty, this view could hinder adaptability which is necessary for maintaining competitive advantage (McGrath 2013) . However, the focus on integration and alignment prevalent in the PMM literature (Melnyk, Stewart, and Swink 2004; Hoque 2014) suggests that the dominant PMM paradigm tends to view autonomy with caution.
In contrast, a SoS perspective would advocate allowing the constituent parts of the system to have independent purposes and functions. Such configuration would be based on greater devolvement and autonomy and would prioritize learning and adaptation over top-down alignment of objectives and behaviours. 
Belonging
In the dominant paradigm, the different components of the system are interrelated and the organizational structure is highly centralized. For example, key performance indicators and targets are often designed at the corporate level and then cascaded down to the business unit, team and individual levels. This integration enables centralized decision making and the cascading of those priorities to be established at the top, and assumes that there is an optimal way of assessing performance that is valid regardless of context. The dominant paradigm thus assumes that the sub-systems, whether subsidiaries or partners in a network, have limited choice regarding whether to belong to the overall system.
In a SoS, however, the different sub-systems are meant to address specific problems, so, in order to address a multifaceted organizational performance challenge, they may not necessarily need to be fully integrated. In a SoS, belonging to the system that facilitates the emergence of the 'whole' is a choice.
Depending on the nature of the performance problem, decisions would need to be made about whether and to what extent different sub-systems join the larger system. The presence of choice in turn suggests that leaders may need to focus on orchestrating the functioning of the SoS through stimulating and coordinating the interactions between the sub-systems rather than attempting to impose a designed solution by means of central control and alignment.
While this characteristic of SoS may have limited application within unitary organizations, it
becomes increasingly relevant in settings that bring together independent units or firms, for example, partnerships, supply chains, or organizational ecologies. In these contexts, PMM practices may take the form of stakeholder consultations, organizing joint workshops, and collaborative development of PMM systems. Such work may be undertaken for specific activities or programmes, for example performance indicators could be developed jointly by different partners, but only in relation to a certain project.
Connectivity
The dominant view of PMM assumes that the connections between the different parts of the system must be designed simultaneously with the design of the parts themselves. This in turn implies that various subsystems should be tightly coupled at all hierarchical levels (Lo et al. 2014 ). For example, performance measures selected at the level of the SoS would need to be fully translatable into performance measures at the level of sub-systems, which would enable efficient cascading throughout levels of hierarchy.
A SoS perspective, instead, would advocate loosely coupled connections among sub-systems. As sub-systems within a SoS operate within their own environment which ensures their effectiveness, these sub-systems may need indicators and scorecards that could be misaligned with those of other sub-systems and with the overall SoS (Melnyk et al. 2014; Pongatichat and Johnston 2008) . PMM practices may therefore need to focus on establishing a continuous dialogue about performance within the SoS and using performance information to support this dialogue, rather than require that performance measures and scorecards of all constituent sub-systems be tightly integrated and aligned. This approach would be particularly suitable in networks of organizations with distributed authority, such as airports where various partners contribute to a diverse set of operations, but pursue divergent objectives. Here, some common objectives and targets may be introduced, but the majority would be independent and different.
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Diversity
The dominant PMM paradigm favours homogeneity and consistency. From a PMM viewpoint, performance measures and targets are derived from strategic priorities, which are defined in advance in the strategic planning process (Melnyk, Stewart, and Swink 2004; Dror and Barad 2011) . While this approach may work in stable and relatively closed contexts, it also implies that performance information is collected deductively, i.e., to provide evidence over aspects that are recognised to be important.
In a more dynamic and complex environment, relevant aspects of performance may not be known in advance, and therefore PMM systems should be able to capture a wider range of phenomena. For example, different sources of data could be utilized (e.g., customer, environmental, general trends) to uncover potential patterns rather than to prove hypotheses. Furthermore, a SoS perspective suggests the importance of managing and evaluating the performance of the whole system taking synergies into account (e.g., the organization or network of organizations), rather than focusing on separate units or individuals.
Even in presence of common corporate objectives to be cascaded throughout an organization, heterogeneity should be ensured, as business units may contribute to the objectives differently. For example, the organization may have cost reduction as a key priority, but some units may contribute to that more effectively by increasing customer satisfaction, as it would eventually reduce cost by diminishing expenditure in advertising and business development. Similarly, performance indicators may need to be introduced specifically to look for information that is not immediately relevant but that may represent important weak signals in the environment (Gimbert, Bisbe, and Mendoza 2010) , for example changing trends in customer preferences or adoption of new technology.
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Emergence
The dominant view of PMM has prediction and optimization as ultimate goals. These goals derive from a planning-based approach to managing performance and require a substantial degree of foresight on the part of the organization's leaders. Indeed, tools such as budgets, forecasts, strategy maps, and ERP systems are based on the belief that the determinants of success can be known in advance and that management systems can be optimized to deliver it. On the contrary, the SoS perspective emphasizes the fact that the system's functionality and performance are an outcome of a continuously evolving complex configuration of its constituent parts (Baldwin, Boardman, and Sauser 2013) . Moreover, the precise contribution of these constituent parts cannot be known, which means that the performance of the system cannot be optimized through the use of control-based PMM practices. In fact, deploying such practices may produce the opposite results, which is widely documented in the literature on the unintended consequences of PMM (Kerr 1995; Dahler-Larsen 2014; Ridgway 1956 ).
Instead, a PMM view that is congruent with the SoS perspective would provide managers with the appropriate information at the appropriate times, enabling them to 'navigate' (DeLaurentis and Callaway 2004) their way through the multiplicity of options that they constantly face. The corresponding PMM practices may include encouraging and evaluating small-scale experimentation and rapid prototyping in order to observe the system's response; collecting a wide range of performance data and actively searching for weak signals in the environment; employing simulation modelling in order to evaluate probable scenarios; creating an architecture for performance information that connects key decision makers; and providing training that is focused on reducing bias and improving the quality of decision making. In other words, a PMM approach that reflects the emergent nature of a SoS would need to enable managers to navigate the current situation and make improvements in the present rather than to predict and optimize a future state.
PMM in practice
This section presents two examples to highlight the differences between a traditional PMM approach and a SoS-based one.
A typical process for designing a PMM system in a large private firm begins with the elaboration of a strategy map -usually by the senior management team -that is linked to the organization's main priorities and that helps clarify and communicate strategy (Kaplan and Norton 2000) . Subsequently, a corporate scorecard including a number of Key Performance Indicators (KPIs) and targets is created to support the implementation of the strategy and to help gather relevant information to understand whether strategic objectives are being achieved. Normally, KPIs included in the scorecard are cascaded throughout the organization so that the different departments and functions are aligned with the overarching strategy.
These KPIs are then used in the organization to review and reward performance. From this point of view, PMM is perceived to be a single, unitary system, whose role is to perform a unique function not performable by the elements alone (Rechtin 1991) . This approach requires base-level abstraction (e.g., only a few dimensions of performance are meant to capture the overall work of units, teams and individuals) and multi-level aggregation (i.e., the sum of the measured performance of all units, teams and individuals equals the whole organizational performance).
A SoS approach to PMM, however, would call for a different way of developing and using a PMM system. We illustrate this approach with a set of PMM practices in an organization that we have studied for over a decade (Neely, Micheli, and Martinez 2006; Bourne and Bourne 2011) . This organization is one of the 'Big Six' energy suppliers in the UK and has developed a way of managing performance that parallels the SoS approach. While the starting point of developing a PMM system in this organization would still be a corporate level strategy map, the senior management team would engage a range of stakeholders in order to understand their different expectations and aims. This exercise led to the creation of a tentative strategy map; however, its deployment was different. Instead of identifying and cascading a set of KPIs following a linear and unitary system perspective, the organization focused on communicating and negotiating the objectives and relationships included in the map with managers in the regional businesses. The map thus captured the strategic intent without overly constraining the sub-systems tasked with satisfying the multiple and diverse stakeholders' expectations. In this way, the company's overarching objectives were agreed and detailed with the three regional businesses. Each regional business then created its own strategy map integrating the task of supporting the strategic intent of the company with that of serving the needs of the local stakeholders. Devolved decisions over how to design and implement business-level strategy maps thus reflected the autonomy of regional businesses. Many individual indicators were not routinely reported at corporate level, yet performance information could be collated across units for specific purposes (e.g., when comparing performance across common criteria or when implementing standardized processes), thus supporting the connectivity of the individual business units within the system.
Diversity was fostered by allowing the introduction of different types of KPIs depending on the specific context the business units were operating in. Finally, despite differences across sites and operations, the organization reviewed and rewarded performance mainly on the basis of corporate level results, recognising that performance was an emergent property generated through the complex interaction of multiple elements within the system, rather than a simple aggregation of the performance of individuals, teams and business units.
Supply chains provide another context where the five main attributes of SoS could also transform the way in which PMM is understood and practiced. Firstly, organizations within a supply chain could develop a common set of KPIs, but they could also autonomously create their own indicators to capture their local contexts and drivers of performance more accurately. On the basis of specific contracts or projects, the firms could decide whether it would be appropriate and relevant for them to contribute and, therefore, belong to the overall supply chain and participate in the joint effort of managing performance.
Depending on the changes in the business environments or within the organizations, connectivity between the various firms within a supply chain, and therefore between their PMM systems, could become looser or tighter. Heterogeneity and diversity in PMM would be very important aspects, as they would enable individual organizations within the supply chain to test practices locally and to gather data in various ways.
For example, firms closest to the consumer may choose to concentrate on exploring hidden or potential customer needs as well as serving the espoused ones. Finally, the performance of the firms within the supply chain is an emergent property that is inseparable from the operation of the supply chain as a whole, which means that it has to be assessed and managed holistically, rather than by focusing on the detail of specific achievements or functional results.
Discussion and Conclusions
This paper has applied the SoS perspective to the dominant paradigm in PMM research and practice to outline an alternative approach, which regards complexity and uncertainty as normal features of organizational environments rather than exceptions to otherwise stable and predictable contexts. Although this new approach entails significant changes to the way PMM is understood and enacted in organizations, it has the potential to address many of the limitations of the dominant paradigm. This section outlines the implications of a SoS-based PMM paradigm and suggests a number of directions for future research that could clarify its modes of operation, outcomes and boundaries. 
Implications for practice
A SoS-based paradigm to PMM would have substantial implications for practice. This paradigm would question the role of PMM systems as primarily monitoring and controlling mechanisms and favour one which promotes learning and adaptation. Organizations adopting a PMM approach that does not meet the characteristics of the dominant paradigm (e.g., with practices that are loosely coupled and measures that do not appear to be fully aligned across the organization) may actually represent potential new ways to create flexibility and new knowledge using a more devolved approach that is better suited to respond to environmental turbulence. Therefore, from a SoS perspective, assessing the effectiveness of an organization's PMM system by traditional implementation criteria (e.g., close links among PMM practices and alignment between corporate and business unit measures and targets) may be misleading.
A SoS view of PMM could also have significant implications for top management teams. Senior managers have traditionally contributed to the design of corporate PMM system to create consistency and exert power throughout the organization. If their role is to become more one of orchestrators and coordinators, this may require a different set of capabilities and a greater involvement in the day-to-day operations. In other words, as a SoS is dynamic and constantly evolving, managers cannot remove themselves from operations and, by implication, from PMM itself. Their key objectives would be to improve performance continuously (rather than maximise it) and to navigate the complexity of their environments and fine-tune the composition and functioning of the PMM system. Performance management interventions may therefore need to take the shape of iterative trial-and-error approaches, pilots, and small-scale experiments rather than analytically conceived and thoroughly implemented large scale initiatives. Moreover, the balance of effort should shift from the design of PMM systems to their review (Bourne et al. 2002) .
The nature of SoS would require information and reporting flows to change. A set of loosely coupled sub-systems and a diverse range of PMM approaches within a SoS are likely to bring substantial 21 benefits in terms of variety and richness of information. However, this presupposes the capacity to reconcile different PMM tools and processes as well as diverse pieces of information. This will require relinquishing the focus on uniform standards and measures and instead developing and implementing processes that would allow heterogeneous insights to be examined and evaluated meaningfully in relation to each other. Interoperability, which in the dominant PMM paradigm has often been equated with the 'single version of the truth', in a SoS paradigm would require new decision-making processes that take into consideration varied and sometimes equivocal information in order to make progress and call for new tools and techniques that focus on dialogue and sensemaking.
A SoS-based view of PMM may require new ways of evaluating performance and incentivising behaviours that are congruent with top-level purpose. The emergent nature of SoS means that performance cannot be attributed to a single cause, person, or unit. This requires new models for defining and evaluating performance. For example, compensation and reward practices in SoS may need to be linked more closely with the performance of the overall system rather than the performance of constituent sub-systems. This in turn means that individual incentive schemes may need to give way to profit sharing schemes and similar mechanisms that recognise the irreducibly complex process of performance generation in SoS.
Implications for research: A new research agenda
Adopting a SoS perspective of PMM also has fundamental implications for research and could establish the basis for a new research agenda. Firstly, the alternative paradigm calls into question the necessity of designing and implementing effective PMM systems and managers' ability to do so. If both the organization and the environment are complex and rapidly changing, what does 'design' or 'implement' a PMM system mean? How will managers be able to design PMM tools when sub-systems are autonomous and their configuration is constantly evolving? Who may need to be involved in the process?
Secondly, further research will need to identify and explain the characteristics of the independent systems that are likely to form a SoS. Most importantly, new research will be required to extend our knowledge of how these systems are interrelated to enable the measurement and management of performance (especially in cross-functional processes and inter-organizational contexts such as supply chains), and how the different systems are configured to ensure the alignment between strategic and operational levels 1 . Recent work on the technical and social controls of PMM (Smith and Bititci 2017) or previous research on the components of management control systems (Bedford, Malmi, and Sandelin 2016; Malmi and Brown 2008; Ferreira and Otley 2009 ) could form the foundations for these investigations.
Thirdly, given the crucial role of autonomy of the constituent sub-systems within a SoS, scholars will
need to investigate what affects the capacity and functionality of these systems. Autonomy assumes that the constituent sub-systems learn and adapt, which means that they cannot be viewed simply as providing additional capacity or specific functional support. Rather, they can evolve in a way that may either support or damage the overall SoS. Therefore, it may be useful to examine the role of sub-systems through analytical lenses provided by the work on capabilities (Foss et al. 2012) , which would allow scholars to examine the origin, functionality, and evolution of individual sub-systems, or absorptive capacity (Zahra and George 2002) , which may enable researchers to understand and estimate a sub-system's potential to learn.
Fourthly, while SoS are described by five main characteristics, it would be useful to investigate empirically whether all attributes should be present at the same time or whether they could vary depending on context. For example, in a unitary organization, heterogeneity of constituent parts may be appropriate, yet choice regarding whether to belong to the organization may not be possible. What might be the implications of selective application of SoS characteristics? Variations in these characteristics are 23 likely to be associated with different forms of SoS as some researchers are already proposing (Sauser, Boardman, and Verma 2010; Vaneman and Jaskot 2013 Finally, a SoS-based view of PMM may require alternative or revised research methods. The use of simulation and modelling, for example, may need do become more prominent, as the goal of the researchers would be to understand what nudges the entire system in one direction or another and how the system as a whole may respond to different initial conditions, rather than trying to discover specific causes of organizational performance.
